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Treated children, with nearly normal utilization of circulating glucose, showed a good correlation between the oral tolerance test results and the jejunal absorption rates of lactose and sucrose. Malnourished children often showed normal rises in blood glucose despite low disaccharidase activities and poor jejunal absorption rates of glucose, lactose, and sucrose. These rises were considered to reflect poor glucose uptake by peripheral tissues rather than adequate absorption of sugars from the distal small intestine.
Jejunal absorption of lactose and sucrose was only limited by the disaccharidase activities when these were very low; the rate of disaccharide absorption was usually closely related to the rate of glucose absorption, despite a wide range in disaccharidase activities.
Several tests have been used in children and adults in an attempt to establish whether patients are able to hydrolyse and absorb the different forms of carbohydrate in the diet.
The 3 clinical methods at present available are the oral tolerance test, the direct measurement on jejunal mucosa of carbohydrase activities, and observations on the faecal pH and output of water and sugar. Other methods, including hydrogen excretion measurements of the breath, and intubation studies of the small intestine for sampling after feeds or perfusion of the jejunum, are at present used only as research tools.
Diarrhoea is a more prominent feature of carbohydrate intolerance in children than in adults.
This difference presumably reflects the importance of the adult colon in reducing the loss of water (Dawson, 1970 If the blood glucose rose less than 30 mg/100 ml after the oral sugar, then intolerance was considered likely; increments of less than 20 mg/100 ml were considered diagnostic of malabsorption.
The results of the oral lactose and the glucosegalactose tolerance tests were compared by the area ratio method of Cuatrecases, Lockwood, and Caldwell (1965) . The increase in the blood glucose above fasting levels after lactose and the equivalent monosaccharide mixture were plotted, and the area under the curve in the lactose test was expressed as a percentage of the corresponding area after glucose and galactose.
Jejunal biopsy. Samples of jejunal mucosa were obtained with a paediatric Watson capsule from the first loop of the jejunum using a simple technique which reduced the time and discomfort to a minimum (James, 1968a) . The biopsy sample was immediately divided and one-half, weighing 5-20 mg, was washed in ice cold saline, blotted, and weighed on an electromagnetic balance. All samples were assayed immediately or within 24 hours after storage in dry-ice in a small sealed container. Lactase, sucrase, and maltase were assayed using Burgess et al. (1964) modification of Dahlqvist's technique (1964) . Results were expressed as ,tmoles disaccharide hydrolysed per minute at 37°C and expressed in terms of the wet weight of mucosal tissue (James, 1971 ).
Jejunal perfusion. These studies were performed on a separate day. Full details have been given elsewhere (James, 1968b (James, , 1970 , but in principle the technique involved the passage of a multilumen tube into the jejunum after a short fast. Solutions containing 2 -5, 5 0, or 10 g/100 ml glucose, 5 g/100 ml lactose, or 5 g/100 ml sucrose in 150 mM sodium chloride were infused at 1-5 ml/min for 2 hours. All solutions contained a nonabsorbable marker, polyethylene glycol, which enabled calculations of sugar absorption rates.
After an hour's equilibration for each solution, Jejunal absorption. The conclusions drawn from the oral tolerance tests were not completely confirmed when these tests were compared with the direct measurements of jejunal absorption.
When oral tolerance tests gave evidence of intolerance, in general, a low rate of jejunal absorption was found. Several of the other children, however, (Table III) . Whenever sucrose absorption rates were low then lactose absorption was also very poor; sucrose malabsorption did not occur as a selective defect.
Jejunal disaccharidases. The jejunal disaccharidase activities were often lower than expected in several malnourished cases with normal responses to oral sugar. Thus 3 of the 4 'lactose absorbers' in Group B (Table I) (Table III) were also sometimes low with normal increments in blood glucose after oral sucrose, e.g. Case 2. The disaccharidase activities as well as the measurements of the jejunal absorption of sugars suggested that the oral tolerance tests in malnourished children were underestimating the number of children with defects in sugar absorption.
When the hydrolytic capacity of the jejunal mucosal disaccharidases was related to the absorption rates of disaccharides perfusing the jejunum, then two distinct phenomena became apparent (Fig.) . At low concentrations of disaccharidases there was a conspicuous reduction in sucrose and lactose absorption: below 4 units of lactase or sucrase there was a significant correlation between mucosal hydrolytic activity measured in vitro and jejunal absorption measured in vivo (P <0*05) (James, 1970) . With disaccharidase activities above 4 units, however, there were several children, both malnourished and recovered, who failed to absorb the perfusing sugar maximally. All the children with these higher levels of disaccharidase activity should have been able to absorb almost all the sucrose or lactose infused. Four children, with hydrolase values ranging from 5 to 13 * 4 units, failed to absorb more than 65% of the sugar infused. Thus, at these levels of disaccharidase activity, the hydrolytic capacity did not seem to be the ratelimiting step in disaccharide absorption.
That the rate of monosaccharide absorption was the rate-limiting step in disaccharide absorption in these children is suggested when the results of lactose and sucrose absorption are compared with the absorption rate from a solution of glucose infused at an equivalent rate, i.e. the 5 g/100 ml solution. If lactase or sucrase were primarily responsible for the malabsorption then the rate of absorption of the disaccharide might be low, e.g. less than 50% when compared with the absorption from the glucose solution. This comparison is similar to that used in the area ratio method for oral tolerance tests. A low rate of disaccharide absorption, which is still more than 50% of the glucose absorption rate, suggests that the rate of glucose absorption is at least as important as the disaccharidase activity in limiting the overall absorption of the disaccharide. Table I (Col. 5) shows that only 3 malnourished children had a selective defect in lactose absorption compared with the glucose absorption rates, but all the malnourished children except one (Case 7) had poor lactose and glucose absorption, i.e. ratios over 50%. Similarly sucrose transport or hydrolysis was particularly limiting in 2 of the 8 malnourished children (Table III , Col. 4), but glucose malabsorption also limited the sucrose absorption of 3 other children.
After treatment there was a striking difference in the results. There was a conspicuous rise in lactose and sucrose absorption, with disaccharide/ glucose ratios of over 70%. The only exception, Case 8, again showed evidence of lactose and sucrose malabsorption after her gastroenteritis.
Discussion
The methods used for assessing carbohydrate absorption did not include the measurement of the pH or the sugar content of the stools. These faecal measurements have been found in practice to be useful in controlling the dietary intake of carbohydrate in some malnourished children (Wharton, Howells, and Phillips, 1968; Chandra, Pawa, and Ghai, 1968) , though other experience has shown that sugar malabsorption may be associated with very variable amounts of sugar in the faeces and with inconsistent pH changes (Torres-Pinedo et al., 1966; Holzel, 1967) . Faecal pH and reducing sugar measurements were not made by the author after preliminary investigations showed inconsistent results, particularly in pH measurements. In rehabilitation centres for malnourished children, where rapid diagnosis of sugar malabsorption is important, testing the stool for reducing sugars with Clinitest tablets is probably the simplest test to use. The amount of carbohydrate present in the stool will be limited by colonic fermentation, and sucrose will not, of course, be detected by this test.
The present work showed that there was no rapid and satisfactory method for assessing the extent of disaccharide absorption in these children. Oral sucrose and lactose tests often seemed to overestimate the degree of sugar absorption when direct assessment of absorption showed that children with a normal response in blood glucose to oral sucrose or lactose had very impaired absorption of these sugars from the jejunum. These findings were consistent with those of Torres-Pinedo and his colleagues (1966) who sometimes found a normal response in blood glucose when 80% of the sugar ingested had appeared in the stools.
The malnourished children were known to have a very poor uptake of glucose by the peripheral tissues, and an inadequate secretion of insulin (James and Coore, 1970 (Borgstrom et al., 1957 Hansen (1967) have also found that there was greater consistency between oral tolerance tests and mucosal lactase activity if lactase activity was expressed in terms of the mucosal protein content. The use of any of the parameters normally used for calculating activities, including the use of the DNA content of the biopsy as an index of cell number, is imperfect, but the protein content might be useful in oedematous states. In order to avoid this complication, the children in the present series were studied after the clearance of oedema.
When disaccharidase activities measured in biopsy specimens were low, absorption rates of sucrose and lactose were correspondingly reduced. At higher enzyme activities, however, the rate of sucrose and lactose absorption was not always raised. This might indicate that the brush border lactase was making a smaller contribution to total fl-galactosidase activity, or, that the sample of mucosa assayed was unrepresentative of the jejunal mucosa (Anderson, 1966) . In addition, the in vitro activity might never be matched physiologically.
In theory the penetration of sugars through the covering mucus and glycocalyx might be more rate limiting than the disaccharidase activity or even the subsequent step of monosaccharide transport (Hamilton and McMichael, 1968) . In such cases a faster absorption rate of disaccharides than of glucose could occur as with dipeptides and amino acids (Craft et al., 1968) . Though a few children showed this phenomenon, most of the children's absorption rates were either limited by the low disaccharidase activities or by the rate of glucose transport.
Despite the severe functional impairment in the jejunum of these malnourished children, all 3 tests showed evidence of the great improvement that was possible in mucosal function with prolonged hospital treatment.
